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EXECUTIVE 8UNMIRY

The Keweenaw Research Center (KRC) was contracted by the U.S.
Army Cold Regions Research and Engineering Laboratory (CRREL)
and the U.S. Army Tank-Automotive Command (TACOM) to develop
a kit and methodology for improved severe cold environment
performance of the Mobile Over the Snow Transport (MOST) Sys-
tem using current "off-the-shelf" items. Together with a
literature search and laboratory tests in a cold room at tem-
peratures down to -50 0 F, a kit and techniques were developed
for cold starting capability. A discussion of several sug-
gestions for preparations of components on the MOST vehicle
prior to conducting a mission in severe cold environments is
also presented. The appendix contains a draft of a procedure
that the soldier may follow in preparation for a mission with
the MOST vehicle in severe cold environments.
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Introduction

The Mobile Over Snow Transport (MOST) system will provide
Special Forces (SF) an increased capability, through organic
mobility, to conduct unconventional warfare, strike and per-
form strategic intelligence operations in basic cold and
severe cold environments. This will allow SF to
infiltrate/exfiltrate areas and navigate over long distances
with enough subsistence and equipment to perform the mission
with an increased probability of survival. The MOST will be
used by SF in a clandestine role performing operations
before, during, and after the declaration of hostilities and
during training missions. The MOST will be used in extremely
deep battle fronts to allow SF to provide strategic intel-
ligence and strike/interdiction missions as directed by the
Theater Commander for National Command Authority for periods
up to 30 days. The MOST will be used to conduct missions
primarily during limited visibility or darkness.

The MOST is a two component system consisting of a small,
fast over snow vehicle (snowmobile) and a sled/ahkio to be
used by the SF.

Early Technical Feasibility Tests conducted at Ft. Greely,
Alaska demonstrated that the MOST snowmobile may have
problems starting and operating reliably in severe cold en-
vironments (below -40OF). The purpose of this study was to
develop a kit that will allow the vehicle to start and
operate in temperatures as low as -50 0 F.

The Keweenaw Research Center (KRC), a research agency of
Michigan Technological University (MTU), was contracted by
the U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) and the U.S. Army Tank-Automotive Command
(TACOM) to perform tests on government furnished snowmobiles
and to develop a kit, using current off-the-shelf items and
technology, and a methodology for reliable cold starting and
operation of the.MOST vehicle in severe cold environments.

Testing was conducted at KRC and most of the research was
done using tVe KRC coldroom to produce temperatures down to
at least -50 F.

In Alaska, both a Skidoo 503R Cheyenne Safari and a Yamaha
ET400 TRN Enticer were tested for cold starting capability,
using standard cold start procedures from the manufacturer,
as candidates for the MOST system. At KRC, a Yamaha ET400
TRN Enticer, from the Alaska test, was used for developing
the cold start kit and procedures, as a typical example of a
MOST vehicle.
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Although the entire MOST vehicle is subjected to severe cold
environments, the cold starting of the two-stroke engine
posed the greatest problem. Other problem areas include
lubrication points (locations where grease is concentrated
and may stiffen when cold), the rubber composite drive belt
and the rubber composite track.

In Alaska, while attempting to start the MOST's 8 ngine,
either it would not start or if it did start at -50 F, the
pistons "screeched" on the cylinder walls indicating a lack
of lubrication (oil flow into the cylinders). A literature
and telephone search revealed that most tyo-stroke oils
available have a high viscosity at -35 UF and below.
Telephone calls to Belvoir Fuels and Lubricants Laboratory
(Belvoir, Virginia) revealed that there was not an arctic oil
for two-stroke engines in the military system. Several calls
to various snowmobile manufacturers and oil supply companies
resulted in the possibility of one company having an oil
available within a year. Only at the end of testing was an
oil finally found that was advertised to flow adequately at
temperatures down to -45 0 F. CRREL had produced a report (1)
in May of 1989 discussing various oils and lubricants avail-
able for arctic conditions. Most of the oils for severe cold
conditions are made up of synthetic products and can not be
used in two-stroke engines because the oil is burned in the
two-stroke engine and the by-product of the synthetic oil
burning may cause damage to the cylinder walls and piston
rings.

Prior to the beginning of testing at KRC, three of the four
major snowmobile manufacturers were contacted to find out
what they would recommeng for more reliable cold starts at
temperatures down to -50 F. The three were Polaris, Arctic
Cat and Yamaha. Their recommendations were as follows:

Polaris:

- Dilute oil with kerosene (no amount of kerosene given)
- Recommend use of a primer pump
- Inject large amounts of fuel in cylinders
- Install hotter burning spark plugs
- Running engine at high rpm before turning off
- Choke engine before turning off to prevent ice

formation

Arctic Cat:

- Recommended use of a primer pump
- Dilute oil with gas or use a pre-mix instead of oil

injection. (No amount of gas per tank of oil given)
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- Reduce compression ratio
- Use different jets (they didn't say larger or

smaller but it seems likely they meant to use larger
jets for more fuel in cylinders)

Yamaha:

- Recommended use of a primer pump
- Install hotter burning spark plugs
- Recommended dilution of oil with no more than

5% gas/oil mixture.
- Could possibly use ether but using too much may result

in engine damage.

All manufacturers recommended the use of isopropyl alcohol
gas deicer (Iso-Heet) in the gas tank to prevent ice forma-
tion in the tank and fuel lines. From this background search
a test plan was developed.

Test Plan

The test plan developed by TACOM and CRREL called for three
cold starts after the vehicle was cold soaked at -50 F for 48
hours. This had to be extended to include warmer tempera-
tures later on in the study as it w~s difficult to make any
progress running tests at just -50 F. The plan also called
for monitoring temperatures (using thermocouple instrumenta-
tion) of the following:

- Fuel Tank
- Oil Reservoir
- Cylinder Head Temperature
- Ambient Air Temperature

Figures 1, 2 and 3 show the fuel, oil and cylinder head ther-
mocouple installations, respectively. A thermocouple was in-
stalled on the engine block early in the testing but it was
disgarded later in the test program. The number of pulls on
the starter rope required to start the engine was also re-
corded. Some of these procedures changed slightly as testing
went on because the engine sometimes quit running or it was
desired to document when full choke, half choke or no choke
was used.

Originally, KRC used K type thermocouples and a Diana chart
data recorder to record data in the early tests because our
computerized data acquisition system was not ready at the
time. The K type thermocouples were not accurate at the very
cold temperatures so T type thermocouples were ordered at the
very beginning of the project. These did not arrive until
after-the early tests were completed. It is the author's
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Figure 1 Photograph showing location of fuel thermocouple on
MOST vehicle. (Note: Paper towel was used to keep
thermocouple from grounding to metal gas tank and
keep dirt out of fuel)
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Figure 2 Photograph showing location of thermocouple in

oil reservoir.
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Figure 3 Photograph showing location of head thermocouple.

Cooling air shroud hides actual location.
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opinion that the early test data was not critical and there-
fore the lack of highly accurate thermocouples and data ac-
quisition did not cause a major problem.

A Yamaha Enticer ET400TRN snowmobile with a single carburetor
was supplied by the government for the development of the
cold start kit. The engine in this vehicle is a Yamaha 400.
The serial number for this machine was 85V-001139, machine
number Y1, which was used as the performance machine in the
tests conducted in Alaska. This machine had 654 miles on its
odometer at the time of the cold start tests. The compres-
sion in the left cylinder was 113 psi and 115 psi was re-
corded in the right cylinder before testing began. KRC's
original plan was to investigate the following for kit
modifications:
1.) Conduct 3 tests at -50 0 F with nothing more than new

plugs, warm plugs and isopropyl alcohol in the fuel.

2.) Order and install a primer pump kit for this engine.

3.) Attempt cold starts with hotter burning spark plugs.
Hotter burning spark plugs generally allow the fuel in
the cylinders to burn more completely but also allow
higher cylinder and piston temperatures which may cause
engine failure.

4.) Attempt cold starts using butane fueled handwarmers near
the engine block, fuel tank and oil reservoirs.

5.) Attempt cold starts using a butane fueled microtorch to
warm engine block and intake air before and while start-
ing.

6.) Mix 5% gas (approximately 4 ozs.) with the oil in the
oil reservoir.

7.) Add gasoline to the cylinders before starting.

Since it was known that the machines would have problems with
oil flow at the severe cold temperatures, gas was mixed with
the oil from the very start of testing. The following
describes the tests that were performed.

During these tests we used two brands of spark plugs, Cham-
pion and NGK. We did not test for differences between plugs
nor did we notice any significant difference in performance
of the two spark plug brands. Champion spark plugs were used
at first because they were the easiest to obtain at the time.
NGK spark plugs were used later on in the study because a
large number of these spark plugs had been purchased result-
ing in a lower cost than the Champion spark plugs. It should
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also be noted that although a higher number on the Champion
spark plugs indicates a hotter burning spark plug, a lower
number on the NGK spark plugs indicates a hotter burning
spark plug. The user should always check with the dealer
before specifying which spark plug to purchase as each spark
plug manufacturer has its own method of indication.

Another area of investigation was recommended in the scope of
work. In some instances the MOST vehicle may be operated in
a very wet, slushy type of snow and then allowed to freeze
after sitting for extended periods of time. Also, extremely
cold temperatures may cause the drive belt and track to
stiffen, making the vehicle difficult to move. The cold room
does not allow for any types of vehicle movement and there-
fore tests with the drive belt and track could not be ac-
complished. The ambient temperatures at KRC are not as
severe as in Alaska and other northern parts of the world.
Some simple tests were run where the vehicle was left outside
after operating all day in snow. Some of the snow had melted
and was left in the undercarriage overnight and subjected to
subzero temperatures. Each time the vehicle started easily
and moved relatively easily, although at first the track was
stiff until the vehicle moved a short distance.

Description of Tests

The test directive from TtCOM stated that all cold starts
should be conducted at -50 F, nowhere did it say that tests
could be run at warmer temperatures. However, in order to
develop this kit it was necessary to first get the machine
running in order to find out why it would not run at the
colder temperatures. Table 1 lists all the tests and tem-
peratures conducted for development of this cold start kit.

The first two cold starts were conducted at -44.9 0 F and
-50.8 F, respectively. At the time of these tests the cold
room at KRC was relatively new and there werg some dif-
ficulties in bringing the temperature down to -50 F. Both of
these cold starts were performed as baseline cold starts,
i.e., following the owners manual, full choke and standard
spark plugs. Both failed to start after 40 pulls each. The
spark plugs were checked for spark and were found to be
functioning. It appeared that there was fuel on the plugs
meaning that fuel was getting to the cylinders. It was
decided at this time to attempt starts at a warmer tempera-
ture and then proceed to reduce the temperature until the
vehicle could not be started using standard procedures. The
two initial tests were not included in our analysis since
both were failed starts.
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Table 1 List Of Tests Conducted During The

Development Of The Cold Start Kit

Test No. Temp.(OF) Description of Test/No. of Pulls Start/Fall

1 -44.9 Std. Start Procedure & Equipment /40 Failed

2 -50.8 a a a a a /40 Failed

3 +14 a a a a a /2 Started

4 4 a a a a a /4 Started
5 -22 a a a /27 Started

6 -40 .a a a a / 50 Failed

7 -49 a a a a a a /couldn't pull Failed

8 -40 Std. Procedure, Cold Std. N3C Plugs / 40 Failed

9 -40 Std. Procedure, Cold N4C Plugs / 40 Failed

10 -40 Std. Procedure, Cold N5C Plugs / 40 Failed

11 -40 Std. Procedure, Warm N4C Plugs / 40 Failed

12 -40 Std. Procedure, Warm N5C Plugs / 40 Failed

13 -40 Std. Procedure, Warm Std. NgC Plugs / 40 Failed

NOTE: Installed primer pump on vehicle at this time but did not use unless indicated.

14 -20 Std. Start Procedure & Equipment / 80 Failed

15 -10 a " " a /80 Failed
Then Pumped Primer Start

16 -21 Std. Procedure, pumped primer & warm plugs, (190 Start
pulls but required heating plugs w/torch because
they had fouled before starting.

17 -35 Std. Procedure, primed, & used ether / 150 Failed

18 -35 Std. Procedure, primed & Handwarmers / 100 Failed

19 -35 Std. Procedure, 1/2 choke, no primer, heat on Started
intake manifold, handwarmers and fuel added to
cylinders / 3

20 -40 Heat on intake, add fuel to cylinders, warm plugs Fired but
and primed continuously / 100 no start

21 -40 Heat on intake, add fuel to cylinders, warm plugs, Started but
primed continuously / 8 ran rough

9



Table 1 Continued

Test No. Tem. (OF) Description Of Test/No. of Pulls Start/Fail

22 -50 Heat intake, head and exhaust, add fuel to Start
cylinders, warm plugs, primed continuously /
about 50

Note: At this point machine exhaust was cleaned out and fuel line leak was
repaired. Cold room exhaust was cleaned out.

23 -58 Cold plugs, no heat, pumped primer, no fuel Fired
added / 20. Then added fuel to cylinders & every pull,
heated intake /31. started &

ran rough

24 -50 Added fuel, warm plugs, no heat, pumped Failed,
primer / 20. Then heated intake, added more fired
fuel / 53 every pull,

started

25 -50 Added fuel, heated 1.5 minutes, warm plugs, Started
pumped primer continuously / 2

26 -50 Added fuel, heated 1.0 minutes, warm plugs, Started
pumped primer continuously /26
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The next start attempt was made at +14 0 F and the machine
started after 2 pulls. Upon adjusting to half choke for 2
minutes the engine quit running. It started at half choke
and quit 3 more times about 1 minute apart and then ran after
the fourth pull. No plots are shown because this test was at
a relatively warm temperature.

The next cold start was at -4 0F. The engine started and ran
after 4 pullt on the'starter rope. This followed with a cold
start at -22 F which required 27 pulls before starting. The
engine quit running soon after but started again after 5 more
pulls. The engine quit running again but started after 6
more pulls at half choke and slight-pressure on the throttle.
No plots are shown because this was not part of the original
test plan.

The following cold start was done at -40 0 F. Two separate
times the machine failed to start after 25 pulls each tiVe.
Another cold start Vas attempted with the ambient at -58 F,
fuel and oil at -49 F. This time the engine was very dif-
ficult to turn over with the pullcord. This was considered a
failed start so no plots are shown.

The next set of tests were all conducted at -40 0 F and were
done in uninterupted succession. The standard spark plug for
the Yamaha is the Champion N3C. The next hotter burning
spark plug is the N4C and two steps hotter is the N5C. A
hotter burning spark plug is one that is less apt to foul out
and more likely to result in more complete combustion in the
cylinder than a colder burning spark plug. In general, when
the proper spark plug is specified for the engine by the en-
gine manufacturer, it is one that will provide the most com-
plete combustion without making the engine run too hot such
that it may cause an engine failure. If a hotter burning
spark plug is used the combustion and cylinder temperatures
will be hotter in the steady state condition, (i.e. when the
cylinders have reached their normal operating temperatures
after the initial warm-up time), as compared to the spark
plug specified by the engine manufacturers. In these tests
all gpark plugs were tested both at Soldroom temperatures
(-40 F) and at warm temperatures (65 F) which would be a
typical temperature if the spark plugs were being carraed
close to a SF personnel's body. First, cold-soaked (-40 F)
standard plugs were used and the engine failed to start after
40 pulls. The cold-soaked (-40UF) N4C plugs were installed
and after 48 pulls the machine still failed to start. Cold-
soaked (-40 F) N5C plugs were installed and the a achine again
failed to start after 40 pulls. Next, warm (65 F) N4C plugs
were installed and the machine failed to start after 40
pulls. Warm (65 F) N5C plugs were installed and thg machine
failed to start after 40 pulls. Finally, warm (65 F) stan-
dard plugs were installed and they also failed to start the
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machine after 40 pulls. It was noted that there was very
little fuel on the plugs each time they were changed. It was
obvious that hotter burning plugs alone do not help the snow-
mobile start at severe cold temperatures. This test also
suggested that the engine needed more fuel to start in very
cold temperatures, which is exactly what the snowmobile
manufacturers recommended. No plots are shown for this
series of tests, but Figure 4 shows a photograph of the dif-
ferent spark plugs used during this test.

The primer pump was installed next in order to get more fuel
into the cylinders. After installation, but before using the
pump, some cold starts were attempted at warmer temperatures.
A photograph of the primer pump knob location is shown in
Figure 5.

At -20 0 F after 40 pulls the machine failed to start. New,
warm plugs were installed and after 40 pulls the machine
failed to start. This was interesting because earlier it
started at -20 F without the primer pump installed. No plots
are shown due to a failed start.

The next test was a no start but may have been due to a
plugged exhaust system in the cold room. After the exhaust
system was repaired another cold start was made at -10 F.
The machine failed to start after 80 pulls. The spark plugs
were removed and heated with a heat gun and after 25 pulls
the machine still failed to start. Finally, the primer was
used. The primer was pumped three times, the machine fired
but didn't start after one pull. The primer was pumped 3
more times and on the next pull the machine started and ran.
This indicated that the primer pump is definitely needed to
get more fuel into the cylinders but because the engine would
not start at temperatures where it normally would have
started when the primer was not installed, it was thought
that the primer pumps presence may reduce fuel flow to the
cylinders when it is in place on the vehicle but not used.
When it is used it definitely assists in sending more fuel
into the engine.

The next start was at -21 0 F. The following transpired:

Primed 6 times, 40 pulls - no start.
Primed 3 times, 20 pulls - no start.
Primed 3 times, 10 pulls - no start.
Installed clean, warm plugs.
20 pulls - no start.
Primed 3 times, 20 pulls - no start.
(Plugs looked very wet).
Used two squirts of ether.
20 pulls - no start.
Disconnected exhaust (thought it may be blocked).
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Figure 4 Photograph showing from left to right the standard
spark plugs, the next step hotter N4C and the two
step hotter N5C spark plugs.
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Figure 5 Photograph showing location of primer pump on the
vehicle. Note that the primer pump is the item
with round, large black knob.
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